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Abstract 
The EU is developing and implementing a coherent climate change risk management policy stressing the need to set up 
insurance policies related to hazard risks. Based on recorded data series for temperature and precipitations for the last 50 
years and damage data from the UNSDR and EU Solidarity Fund the risks of combined events (i.e. floods, drought, snow 
and freeze) are assessed for each of Romania’s counties. The risks are mapped using a tool developed in Excel and the 
exposure of the population is calculated (risk per capita) for each county. The conclusions are detailing the possibility to 
use these results to set up a hazard risk insurance policy and a supporting mitigation and adaptation fund. 
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1. Introduction 
A lot is done these days to enhance the monitoring capabilities of climate change (CC) related parameters. 
Having operational monitoring systems in place for the CC events is only part of the story. Various institutions and 
organizations are applying different methods to assess disaster risk (IPCC, the World Bank in several reports, UN-
ISDR, NATHAN, ENEA) 
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There is a need to use the data gathered by the monitoring systems to generate conclusions that serve as a support 
for decisions on actions for mitigation and adaptation to climate change. Each institution that does monitoring e.g. 
meteorological and/or water related events, has prediction capabilities that are specific to it. Going beyond that, 
there is the possibility to determine the risks resulting from the combination of climatologic parameters.This helps to 
improve the time constant of reaction and resource allocation in case these risks are manifesting themselves. In order 
to develop such capabilities the following sectionsare first making an assessment of risks resulting from the 
combination of climatologic parametersbased on real data for the last 50 years for temperatures and precipitations 
disaggregated for each county, then making the basic calculations of individual exposure and of a potential 
insurance rate to be introduced for these risks coverage. 
2. Assessing the CC events induced risks 
The data is processed to determine the moments (average and standard deviation) of the normal distributions for 
each parameter and county mentioned above. Once the probability distributions are determined an event tree may be 
built to result in the probabilities of flood (high temperature and high precipitations), drought (high temperature and 
low precipitations), snow (low, <0, temperature and high precipitations) and freeze (low temperature and low 
precipitations). Then the damage of each of these events is assessed based on data from UN and EU solidarity Fund 
as well as from World Bank studies for hazard risk in Romania and in ECA. Thus, the risk (probability x damage) 
results for each county. This is not an evaluation of extreme risk but an exercise to correlate climatologic parameters 
(temperature and precipitation) with events such as floods, snow, etc. by an event tree methodology. This calculates 
the probabilities distributions for the combined events and uses them to determine the risk in the year following the 
data series. As more data accumulates new distributions will result and the risks will change accordingly in each 
following year. Predictions, as well as Farmer diagrams, may be done but this is not the scope of this paper. 
 
Probabilities 
 
Table 1. Data series distributions 
Temperature data processing (excerpt from file) 
 
Source authors’ calculations 
 
Batch Fit Summary: Botosani - Teleorman
Performed By: Idei 1046
Date: Sunday, May 25, 2014 12:44:38 AM
Name Botosani Satu Mare Maramures Suceava Bihor Ias i Bis tri ta-Nasaud
Range Sheet1!B1:B637 Sheet1!C1:C637 Sheet1!D1:D637 Sheet1!E1:E637 Sheet1!F1:F637 Sheet1!G1:G637 Sheet1!H1:H637
Best Fi t (Ranked by BIC) RiskTriang(-13.230,19.317,2 RiskTriang(-11.523,19.353,2 RiskBetaGeneral (1.9857,1.5RiskTriang(-13.631,15.456,2 RiskTriang(-10.748,18.521,2 RiskTriang(-13.039,19.655,2 RiskTriang(-13.417,15.931,2
Function #NAME? #NAME? #NAME? #NAME? #NAME? #NAME? #NAME?
BIC 4436.5294 4366.0739 4292.8121 4323.1798 4334.7517 4450.74 4340.2154
Minimum -13.2303 -11.5225 -10.9802 -13.6308 -10.7478 -13.039 -13.4167
Maximum 24.6525 24.2732 20.8213 20.6398 23.9735 25.3823 21.5029
Mean 10.2465 10.7011 6.8136 7.4884 10.5824 10.666 8.0056
Mode 19.3173 19.3527 9.2579 15.4563 18.5215 19.6548 15.9307
Median 11.5991 11.985 7.2041 8.6944 11.794 12.0223 9.2195
Std. Deviation 8.3714 7.9212 7.4023 7.5414 7.623 8.4621 7.6589
Graph
Correlation Botosani Satu Mare Maramures Suceava Bihor Ias i Bis tri ta-Nasaud
Botosani 1.000
Satu Mare 0.990 1.000
Maramures 0.990 0.998 1.000
Suceava 0.998 0.993 0.995 1.000
Bihor 0.989 0.999 0.999 0.993 1.000
Ias i 0.999 0.991 0.991 0.998 0.990 1.000
Bistri ta-Nasaud 0.991 0.998 0.999 0.995 0.998 0.992 1.000
Sala j 0.990 1.000 0.999 0.994 1.000 0.991 0.999
Cluj 0.990 0.998 0.999 0.994 0.999 0.991 0.999
Neamt 0.998 0.992 0.993 0.999 0.992 0.999 0.994
Harghita 0.992 0.995 0.997 0.996 0.995 0.994 0.998
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Precipitation data processing excerpt from files 
 
 
Source authors’ calculations 
 
 
 
Probability results from the event tree where the data for each branch is drawn from the temperature and 
precipitation data series analysed using Palisade @Risk (2014). To simplify the calculations at this stage only 
normal distributions were considered for the two sets of data. A possible continuation would be to determine the 
best fitted distributions (see the figures above) and re do the calculations using them. 
 
Damage 
 
An example is given from the EU Solidarity Fund coverage – the damage values in the report are considering the 
real damage for the CC events as recorded in the UN SDR data base and in the EU SF payments. 
 
EU Solidarity Fund - Thresholds for major disasters applicable in 2014 (based on 2012 Eurostat figures for Gross 
National Income). For the mobilization of the Solidarity Fund country-specific thresholds apply defined as total 
direct damage in excess of 0.6% of GNI or €3 billion in 2011 prices based on EUROSAT harmonizeddata. The 
lower amount applies.(million €) 
 
 
Country  GNI 2012  0.6% of GNI  Major disaster threshold 2014 
RO ROMÂNIA   130 623    783.738   783.738 
 
EU Solidarity Fund - Regional disaster thresholds applicable in 2014 (bases on 2011 figures for GDP) 
Batch Fit Summary: Botosani - Teleorman
Performed By: Idei 1046
Date: Sunday, May 25, 2014 1:03:08 AM
Name Botosani Satu Mare Maramures Suceava Bihor Ias i
Range Sheet1!B1:B637 Sheet1!C1:C637 Sheet1!D1:D637 Sheet1!E1:E637 Sheet1!F1:F637 Sheet1!G1:G637
Best Fi t (Ranked by BIC) RiskGamma(1.6359,57.415,RRiskExtValue(69.883,43.769 RiskExtValue(136.793,80.54 RiskInvGauss(230.71,505.50RiskGamma(3.6199,49.530,RRiskGamma(1.7486,51.902,R
Function #NAME? #NAME? #NAME? #NAME? #NAME? #NAME?
BIC 6988.9263 6836.5875 7600.7422 7887.6789 7481.054 6924.7252
Minimum 1.6145 -Infini ty -Infini ty -31.1156 -22.0043 1.4179
Maximum +Infini ty +Infini ty +Infini ty +Infini ty +Infini ty +Infini ty
Mean 95.5389 95.147 183.2842 199.5909 157.2875 92.172
Mode 38.1236 69.8831 136.793 90.5352 107.7579 40.2697
Median 77.2469 85.9249 166.3134 157.6156 141.0754 75.5793
Std. Deviation 73.435 56.1355 103.3017 155.8575 94.2351 68.632
Graph
Correlation Botosani Satu Mare Maramures Suceava Bihor Ias i
Botosani 1.000
Satu Mare 0.615 1.000
Maramures 0.657 0.922 1.000
Suceava 0.919 0.655 0.732 1.000
Bihor 0.643 0.919 0.857 0.693 1.000
Ias i 0.950 0.586 0.619 0.884 0.623 1.000
Bistri ta-Nasaud 0.722 0.854 0.944 0.817 0.844 0.693
Sala j 0.701 0.942 0.917 0.755 0.943 0.676
Cluj 0.762 0.851 0.873 0.837 0.900 0.741
Neamt 0.921 0.591 0.640 0.956 0.644 0.936
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NUTS_ID NUTS_NAME GDP 2011   
M.Euro 
Threshold1.5% of 
GDP M.Euro 
 
RO11 Nord-Vest 14 401 216,0 
RO12 Centru 14 498 217,5 
RO21 Nord-Est 13 458 201,9 
RO22 Sud-Est 14 007 210,1 
RO31 Sud – Muntenia 16 479 247,2 
RO32 Bucureşti – Ilfov 34 994 524,9 
RO41 Sud-Vest Oltenia 10 480 157,2 
RO42 Vest 13 042 195,6 
 
 
 
3. Mapping the risk 
The values of risk were calculated for each county of Romania and summed for all types of considered events. In 
order to map them we use a method that was developed in Purica 1991 and used for Italy. This generates a 3D map 
of the data, for Romania in this case, at the level of each county allowing a fast identification of the extreme values 
of risks. A 2D map is presented for a quick identification of the counties. An example of the total risk map 
determined above (the summed values of each risk) is presented below. 
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Fig. 1. Total events risk map [kUS$ for 3D and US$ for 2D] 
Source: author’s calculations 
4. Setting the basis for a CC events risk insurance policy  
The values of risk determined above were taken into consideration to make a proposal for a CC event risk 
insurance policy. We should mention that insurance for CC events risks is highly recommended by the EU and a 
thorrough activity for assessments of risk is in course to identify the best transfer policies for the CC risks to pools 
of insurers.The information of combined risks effects is used for the assessment of the exposure to climate change 
events risks of persons in each county. The exposure is determined based on the population of each county and on 
the values of risk measured in US$ determined above. The values resulting from this method of risk evaluation are 
comparable to the ones determined, for Romania, in a World Bank report on the hazard risks in all ECA countries.  
Moreover, considering the value of each county risk level, divided by the population of each county, one may 
have the exposure on a per capita basis. Considering an insurance premium of 0.5% of the exposure (slightly larger 
than typical insurance premiums for other types of risk) leads to the foundation for a distribution of insurance 
coverage for each county.  The table below is summarizing this result.  
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Table 1. Distribution of risk pemium per capita – counties in alphabetical order (Bucharest is set to 0 on purpose such that only the Ilfov 
county, where the city is located, is considered.) 
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Conclusions 
 
Insurance 
 
EU is recommending the implementation of insurance policies for CC events’ induced risks and has started 
definite measures in this sense. The mapping of risk as shown above provides a basis to start exploring the 
implementation of CC insurance in Romania. It is recommended to continue on this line to analyse the measures to 
be taken in order to have in place an appropriate system that may also contribute to having a fund that serves to 
finance various mitigation and adaptation measures. A good example for such an exercise is provided in Purica 
(1991 and 2010). 
Decisions based on risk 
The mapping of CC risks is not a one-time exercise. As investments are allocated to the counties that are more 
exposed, the potential damage in these counties is reduced and other counties are becoming more exposed. A new 
risk mapping will put those in poll position for investment allocation and so on.  
Moreover, the risk exposure of the counties may be correlated with various other economic and/or social 
County Premium Risk /cap US$ County
Premium Risk 
/cap US$
Bucuresti 0 Harghita 19.68
Alba 17.05 Hunedoara 8.44
Arad 11.81 Ialomita 43.59
Arges 8.28 Iasi 12.27
Bacau 8.33 Ilfov 6.68
Bihor 8.43 Maramures 8.31
Bistrita Nasaud 27.29 Mehedinti 32.56
Botosani 20.53 Mures 11.32
Braila 35.06 Neamt 11.59
Brasov 12.96 Olt 21.09
Buzau 16.20 Prahova 11.77
Calarasi 40.17 Salaj 51.13
Caras Severin 8.74 Satu Mare 31.13
Cluj 8.77 Sibiu 17.69
Constanta 13.86 Suceava 5.13
Covasna 59.81 Teleorman 23.70
Dambovita 22.91 Timis 6.71
Dolj 9.90 Tulcea 36.61
Galati 20.83 Valcea 15.41
Giurgiu 46.07 Vaslui 22.73
Gorj 16.76 Vrancea 25.50
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parameters such as the contribution to the total GDP or the exposure of the poor population, etc. This may make the 
decisions on socio-economic policies and measures more coherent and provide a clear measure of the impact of said 
decisions. 
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